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(54) IMPROVEiWENTS IN AND RELATING TO THE 
BENEnCATION OF WEATHERED ILMENITE 

ORE mTERIALS 




(71) We, LAPORTE INDUSTRIES 
LIMITED, a Britisk Company of Hanover 
House, 14 Hanover Square, London W.l, do 
hereby dedarc the invention for which we 
5 pray that a pat^t may be granted to us, and 
ihe method by which it is to be performwi, to 
be prdcularly described in and by the fol- 
lowing statement: — 
This invention relates to the bencficiation 

10 of weathered ilmenite ore materials, and is 
e^ecially concerned with the production from 
such ihnenites of a material from which the 
iron content is readily leachable. 

Processes for removing the iron values from 

15 iron-containing titaniferous material usually 
involve some form of leaching operation. 
Indeed, some previously proposed processes in- 
volve dxrecc leaching of the ore material itself 
with a mineral acid under conditions of eie- 

20 vated temperature and pressure. Such pro- 
cessQ have ±e disadvantage that the leaching 
conditioas required to dissolve the iron con- 
tent of the ore also result in the dissolution 
of some of the titanium content. Hie dissolved 

25 titanium values arc recovered subsequently by 
precipitation caused by hydrolysis of the resi- 
dual leach liquor; indeed, according to one 
previous proposal, the titanium and iron values 
are both substantial!}^ completely dissolved by 

30 direct leadung, the titanium values then being 
recovered by selective precipitation. The pre- 
cipitate that is obtained from such processes, 
however, is in a finely divided form, and this 
tenders it unsuitable for conversion into tita- 

35 nium tetrachloride by dilorination under 
fluidised-bed reaction conditions, which is the 
process usually carried out on the beneficiated 
titaniferous material. 

The disadvantages of processes invc^ving 

40 dissd'ition and stibsequent precipitation of 
titanium values have led to proposals for 
processes in wfaidi the titaniferous ore material 
is subjected to a preliminary treatment before 



being leached, the purpose of the prdiim'nary 
trearment beiiig to produce a material having 
improved leaching characteristics. 

A number of previously proposed pre-lcach- 
ing treatments comprise reducing die ore mat- 
erial to convert at least a part of its iron 
content into metallic iron. A disadvantage of 
such processes is that difficulties can arise from 
sintering of tlie reduction product. Further, 
there is a tendency for die titanmm dioside 
concentrate obtained by leaching the reduc- 
tion produa to break down into undesirably 
small particles while being chlorinated imder 
fluidised-bed reaction conditions. These draw- 
backs occur even when, as has been proposed, 
the reduction step is preceded by an oxidising 
treatment vrfiich converts at least a part of the 
ferrous iron content of the ore into tiie ferric 
state. 

Another previously proposed beneficiation 
process compribes oxidising the titam'ferous ore 
material to convert at least a part of its ferrous 
iron content into die ferric state, and leaching 
the oxidised material with aqueous sulphuric 
acid under reducing conditions and in the 
presence of inert grinding bodies. The preli- 
minary oxidation may be effected by heating 
the ore in air to a temperature of from 
800** C. to 1350** C 

The present invention provides a process 
for activating a weathered ilmenite ore mat- 
erial, ^ich comprises subjecting a raw 
weathered ilmenite orc material to thermal 
treatment at a temperature in the range of 
from 600** to 950° C under conditions which 
are oxidising or reducing, the thermal treat- 
ment bdng discontinued before die proportion 
of the iron content of the orc material that 
has undergone a change in oxidation state 
exceeds 1/15 by wei^t, and the therai^ 
treatment being effected under reducing con- 
ditions or for a period not exceeding 45 
minutes under oxidising conditions provided 
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by an atmosphere comprising oxygen in a 
proportion not esceeding 12% by volume. 

Where reducing conditions are employed, 
the duration of the ibernial treatment advan- 

5 tageously does not exceed 45 minates. 

Preferably, tihe ore material is maintained 
under reducing or oxidismg conditions for a 
period of from 10 to 45 minutes. 
When an oxygen-containing atmosphere is 

10 used, die proportion of oxygen preferably does 
not exceed 107o> and it will generally be 
foiind that optimum results are obtainable widi 
oxygen contents in the re^on of 5%, say in 
the range of from 4 to 7%, by volume. 

15 By subjecting an iImenite<ontaining ore 
material to diermal timment in accordance 
with the invention, an activated product is ob- 
tained from which a high proportion of the 
iron content is readily leachable. Furdier, the 

20 beneiiciated material obtained after leadiing 
is suitable for use as a feed material for the 
manufacture of titanium tetrachloride under 
flutdised-bed reaction conditions. A surprising 
feature of the process of the invention is that 

25 a useful improvement in iron leachabflity is 
obtained using relatively short treatment times. 

The process of the invention is generally 
applicable to weathered ilmenite ores sudi as 
beach sand ilmenites, alluvial ilmenites, and 

30 leucoxenes, and all such materials are "wea- 
diered ilmenite ore materials" for the pur- 
poses of the present invention. The inven- 
tion is not concerned witii the benefidation 
of non-weathered massive ilmenites sudi as, 

35 for example, Norwegian ilmenite and Mac- 
Intyre ilmenite. 

The raw material that is thermally treated 
in accordance with the invention is the mat- 
erial obtained by subjecting the natural ore 

40 deposit to conventional dressing procedures. 
Such procedures, whidi will normally involve 
magnetic separation and/or flotation treat- 



ments, are efTective in removing a proportion 
of the gangue material that conteminates natu- 
ral ore dep(^ts. 45 

It has been found that, from the point of 
view of improvbg the iron leachability of the 
ore material, it is desirable to restrict the pro- 
pordon of die iron content tiiat b oxidised 
or reduced in the cotuse of the thermal treat- SO 
ment. 

Advantageously, the conditions during the 
thermal treatmetit are such that not more than 
1/20 by weight of the irrai content of the 
ore material tmdergoes any change of osida- 55 
tion state. In general, thennal treatment tmder 
such conditions leads, for a given temperature, 
to die q>timnm improvement in the ease of 
leaching out iron values, as compared witii 
leaching the untreated material, smd also as 60 
compared with previously proposed processes 
in which substantially higher proportions of 
the iron content are oxidised or reduced prior 
to leaching. 

In general, the more strongly oxidising or 65 
reducing are the conditions during the thermal 
treatment, die shorter should be the duration 
of the treatment at a given temperature^ or 
conversely, the lower should be the tempera- 
ture for a given treatment . duration. These 70 
relationships are illustrated in Table 1 whidi 
shows, for mo different temperature ranges, 
the maximum concentration of certain gases 
that may be present (if the fraction of die 
total iron content undergoing oxidation or re- 75 
duction is not to exceed 1/15), during a 15 
minute diermal treatment of Western Austra- 
b*an beach sand and ilmenite contaming from 
20 to 25% by weight of ferrous oxide. In die 
case of each of the six possible gas concentra- 80 
tions given in Table 1, the balance of the 
atmosphere comprises a chemically inert gas 
or gases. 



TABLE 1 



Temperature 
Range (°C.) 


Maximum gas concentration l^c by volume) 


Hydrogen 


Carbon monoxide 


O.xygen 


650-750 


7 


10 


6 


900-950 


2 


2.5 





The temperamre range that leads to the 
optimum iron leachability in any given case 
depends upon the particular ore material that 
is to be treated. 

Thennal treatment in accordance with the 
mvention requires that the titaniferous ore 
material be maintained for a time at a tem- 



peramre of frcHU 600** C 10 950** Q If the 
ore material were to be heated to a tempera- 
ture significantiy above 950° C, or if the 
material were not to reach a temperature of 95 
at least 600* C, a product from which the 
iron content can readily be removed by leach- 
ing would not be obtained. 
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The reason for the improvemenc in the ease 
of leeching out iron values that is obtained 
by L--.'rnaal treatment in aoccndance the 
invei m is not fully understood. It is be^ 
lieved, however, that the im|»ovement derives 
from structural changes in the ore material, 
particularly diangcs in porosity, brought abcmt 
by the thermal treatment coxiditions. 

A furdier benefit deriving frran thennal 
treatment in accordance mth the invention is 
that it leads^ in general, to a decrease in the 
loss of titanium values in the leaching s^p 
(and> thoefoie, to an improvement in tita- 
nium dioxide yield), as compared with the 
results obtained by leaching the untrrated ore 
material. Although the use of oxidising (as 
opposed to reducing) conditions during die 
thermal treatment tends to have a slightly 
detrimental efiea on the iron leachabHity of 
the product, it will usually be found that 
such conditions have a favourable effect on the 
titanium diosdde yield, especially in the case 
of raw ore materials having a titanium dioxide 
content of less than 60% by wei^t, more 
especially less than 56% by wei^t For such 
ores, thennal treatment in an oxygen-contain- 
ing atmosphere in accordance with the inven- 
tion gives an activated product having good 
leaching characteristics both in terms of iron 
leachability and in terms of titanium dioxide 
yield. 

It is essential that, when the thennal treat- 
ment is carrid out under oxidising conditicms, 
the oxygen content of the sunxninding atmos- 
phere diould not exceed 12% by volume. If, 



a hig^r concentratiQn of ozyg^ were to be 
present the improved iron leachability deriv- 
ing from thermal treatment would not be 
obtained. Hie reason for this is not fully un- 
demood, but it is beUeved tfaa^ when the 40 
thennal treatment of the mvention involves 
oxidation, the conditions must be such that 
the rate of the thermally-induced structural 
change is sigm'ficandy faster than the rate of 
oxidation of the iron values. Purser, it will 45 
generally be found that the maximum desir- 
able oxygen concentration will be lower, the 
higher is die temperature that is to be 
employed in the thennal treatm^t 

The titanium dioxide yield on leaching may 50 
also be further improved by carrying out an 
oxidative treatment after first subjecting the 
ore material to thermal treatment under re- 
ducing conditions in accordance widi the in- 
vention, diat is to say, under conditions which 55 
are. such that not more than 1/15 of the 
iron content is reduced. It will generally be 
found, however, that litde or no advantage 
is gained from such oxidative treatment vrfien 
the initial titanium dioxide content of the raw 60 
ore material exceeds 56% by wd^t, and es- 
pecially where it exceeds 60% by wei^t 
Titanium dioxide contents in those ranges are 
usually found in relatively hig^y weathered 
ores, for example, leucoxenes, Quilon and 65 
Secondary Western Australian ilmenites. 

As will be appreciated by those skilled in 
the art, the % TiO^ Yield on leadiing is 
calculated from: 



Weight of TiOs in Product produced from Given Weight of Feed Oit 
Weight of TiOz in a Given Weight of Feed Ore 



100 i^. 



75 



80 



85 



90 



In ±ose cases in which there is room for 
effecting a worthwhile improvement in tita- 
nium dioxide yield by carrying out an oxida- 
tive treatment after reduction tiieimal treat- 
ment aocordmg to the invention, the thermally- 
treated mateiM may be oxidised until sub- 
stantially all of the iron values aie in the 
ferric state, but it is preferably to oxidise a 
part cNily <^ the ferrous iron content Advan- 
tageously the thermally-treated material is oxi- 
dised until approximatdy one-half of its 
ferrous oxide content (calculated as FeO by 
weight) has been converted into the feme 
state. 

Convenientiy, oxidative treatment following 
thermal treatment is effected by contacting the 
thermally-treated material with air at a tem- 
perature in the range of from 700**— 850° C. 
Higher temperatures may be used, but care 
sh^d be taken to restria pseudobrcokite for- 
mation as far as possibly otherwise die mat- 
erial will become progressively more difficult 
to leach. 

The fact that beneficial results generally 



follow from carrying out an (»ctdative treat- 95 
ment after thermal treatment has the addi- 
tional advantage that steps need not be taken 
to avoid atmospheric oxidation wtdit a ther- 
mally-treated ore material is cooling down 
prior to leaching. This is in clear contrast with iOQ 
those previously proposed processes that in- 
volve a reduction step immediately prior to 
leaching. In sudi processes, undesirable results 
generally follow unless steps are taken to pre- 
vent re-oxidation prior to leaching. 105 

Althougfa it is sometimes advantageous to 
oxidise an ore material after it l^s been 
subjected to thermal treatment imder reducing 
conditions in accordance with the invention, 
it should be noted that no significam advan- HO 
tage is gained by carrying out a reducing ther- 
mal treatment after completing a thermal 
treatment in an oxygen atmosphere in accor- 
dance with the invention. 

Thennal treatment in accordance with the 115 
invention may be carried om in any suitable 
apparatus, for example, in a rotary kiln or 
in a fluidised-bed apparatus. The desired tern- 
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perature in the range oi' Irom CQ{}° xo 950" C, 
nzay b& attained by burning in air a fiiei such 
as, for examjdei oil, to^ gas, natonU gas, 
oil refinery tail gas^ or a sinular combusdhte 
5 material. Caxe should be taken to ensure that 
any czcess of air suppL'ed to the burners does 
not iKult in the oxygen content of die atmos- 
phere surrounding die ore material exceeding 
127^ by volume. 
10 An oxidising treatment effected followng a 
reducing diermal treatment according to the 
invention may also be carried out in a rotary 
kiln or in a floidised-bed apparatus. Advan> 
tageousl3% such an oxidising treatment is 
carried out by contacting die thermally-tieated 
materia! with preheated air under fluidised* 
bed conditions. 

l^achmg may be effected widi any mmeral 
acid, but it is preferable to use hydrochloric 
acid, which may be recovered from die resi- 
dual leach h'quor by a thennal decomposition 
process, for esampie, by die process disclosed 
in British Patent Spedficaiion No. 793,700, 
Preferably, the leaching is effected at nor- 
25 mal atmospheric pressure and the acid strengdi 
is in the range of from 17J to 25% w/w. if 
desired^ the leaching may be effected under 
superatmospheric pressure, and acid having a 
somewliat lower strength may then be used, 
30 Typically, when hydrochloric add is used 
having a concentration of from 17J to 25% 
w/w, the <^3timi!m iitm removal will be 
brought about at a residence or contact time 
of from 5 to 9 hours at temperatures exceed- 
35 ing 100" C. 

Advantageously, diece is used an esc^s of 
add in the mnge of from 25% to 75% wrer 
the stoichiometric quantity required in respect 
o£ the iron values only. Leaching is advan- 
40 tageously effected at a tempemtme erf at least 
100"^ C and is preferably effected at the boil- 
ini; temperature of ?!ic leaching soiuiioa 

The leadiing treatment may be effected 
batch-wise w as a continuous imicess. Advan- 
45 tageously, when a continuous leaching pro- 
cess is used, the process is operated counter- 
current The leaching treatment may be 
carried out in a stirred vcssd or vessels, but 
is advantageously carried out under iluidfeed 
50 conditions. Such conditions give rise to im- 
proved solid/liquid contact and, as a lesuli^ 
more efficient iron removal and higher yidds 
are achieved, as compared widi stirred qrs- 
tems. 

55 Preferably, die acid leaching sdution con- 
tains some ferrous iron initially; for example, 
a solution of ferrous chloride in hydrodilcffic 
add may be used. In general, sudi a solution 
will produce similar results in terms of tita- 

60 nimn diozide yidd and iron removal to those 
obtained by using the same quantity of add 
alone, bur the leaching will be complete in 
a significandy shorter timCi Advantageously, 
the add leacfamg sdution contains lecyded 

65 leach liquor. 



After beiog leached, she material will be 
washed to remove r^kiual leach liquor, and 
then dried, ^.dvuitageously, the materhl is 
dried bemg caldned to a eiai^seratore of 
frwn 600** to 700* C, preferably for a period 70 
cf from ifx>2 horns, and especially for about 
i hour. The caldnation may be effected m 
any suitable apparams. 

Cddnaticm of leadied material to 500"— 
700° C enhances die reactivity of the material 75 
\^iien it is snbsequentiy chlorinated under flui- 
dised-bed reaction c(Hiditi<ms. For diis pur- 
pose, die reactivity of die caldned material 
is measured by evaluating die ratio 
CO/CCO+COa) for tile e^must gases frcan 80 
the dilorinator. The value d dils ratio pro- 
vides^ a measure of die exodiermid^ of the 
chlorination reaction, and a low value die 
ratio is tal;en to indicate a hi^y reactive mat- 
erid. It ±ould be noted that, in practice, die S5 
value for die ratio is taken as tte mean of 
a npiber of readings made during die chlori- 
nation process. The carbon -monosicte and 
carbon aicsdde contents of the eidiau^/ gases 
from die chlorinatm: may be detenmned by 90 
gas-liquid chromatography. 

It is a feature ^ die process ot the in- 
vention dmt die magnetic susceptibility of the 
ore material is increased by the diennal treat- 
ment^ and this enables magnetic separation 95 
techniques to be employed at various stages. 
Advantageously, the diemiaDy-treated ore 
material is subjected to a magnetic separation 
technique before bdng add leached. The non- 
magnetic and/or w^y magnetic material 100 
removed in litis way contains a high propor- 
tion of substances, for example, siliceous mat- 
erials, which are not dissolved during leadi- 
ing. By carrying out a magnetic separation 
prior to leadung, die titanium dioxide con- 105 
tent of die benefidate ultimately obtained may 
be mcieased by up to 3%. A useful improve- 
ment is also obtained if, mstead of effecting 
magnetic separation before leadiing, such a 
sqiaration is performed <m &e material after 1 10 
leadiing. 

The following expression is to be used in 
cdadating the fraction of the total iron 
content that has been oxidised during a 
thennal treatment in accordance with the in- 115 
vention: 

(Xi—X-) X 56/72 X 1/Zi 

where X| is tiie percentage by weight of 
ferrous iron (calculated as FeO) in die 
starting material; 120 

X2 is the percentage by weight of ferrous 
iron (calculated as FeO) in the material 
after disnnal treatment; and 

Zi b the total iron content of the starting 
material (expressed as a percentage by 125 
weight and calculated as Fe). 

In the case of thermal treatment under re- 
ducing conditions, die fraction of the total 
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iron content that has been reduced is lo be 
calculated by the ezpressioo: 

(X:r-X,; X 56/72 X 1/Z, 

in which the symbols Xt, X? and Zi are as 
hereinbefore defined. 



It wiU be appreciated that a consequence 
of the restriction of reduction to a masdnuim 
of 1/15 inm convemon is tbat there wiH be 
ne^igiUe formatioii of metallic irra, vbidi 
is therefore omitted from the above eicpres- 
sion. 
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TABLE 2 
(Example 1 below^ 





Product Analysis 


TiOa Yield 


Iron Removal 


Product 


w/w TiOj- 


% w/w Total Fe 




% 


R 


74.9 


16.0 


93.7 


63.4 


Q 


85.0 


9.1 


95.5 


81.4 



15 



20 



25 



30 



Tii& following Examples iUostrate the in- 
ventidS!:— 

Example 1. 
100 gm. of a Western Australian ilmenite 
was thermally treated in a fluidised bed for 
30 minutes at 850° C in an atmosphere com- 
prising 97.5% nitrogen and 2.5% oxygen. 
The diermally-treated material was found to 
contain 20.8% by weight of ferrous iron cal- 
culated as FeO, and it was calculated dmt 
less than 1/15 of die im'tial iron content of 
the ore (calculated as Fe) had been osidised. 
After cooling, the thermally treated material 
was leached for 7 hours using a 50% excess 
of 20%, hydrochloric acid at boiling tempera- 
ture. Tlie leached material was separated from 
die residual leach liquor, and was then washed 
thoroughly to remove entrained leach h'quor. 



After vvashingj the material was dried at 
700** C. for 30 mmutes to give a product Q, 

In order to provide a basis for comparison 
with Example 1, 100 gm. of die same Western 
Australian ilmenite was leached directly for 35 
7 hours with a 50% excess of boiling hydro- 
chloric acid, with no preliminary thermal 
treatment. The leached product was washed 
and dried as described in die Example to give 
a product R. 40 

The titanium dioxide and total iron con- 
tents of the products Q and R, together v/idi 
the calculated yield and iron removal data, 
are given in Table 2. 

The percentage yield of titanium dioxide 45 
was calculated using the expression given 
hereinbefore, and the percentage iron removal 
was calculated as follows: 



% iron removal = 



W(feed)— W(product) 
W(feed) 



X 100 



50 



55 



60 



where W(feed) = weight of iron in feed 
material; and W(product) - weight c£ 
iron in produa. 



Example 2. 
250 Gm. samples of a Western Australian 
beach sand ihnenite were subjected to dieimal 
treatments under the conditions shown in die 
Table below. After being cooled, 100 gm. 
of each dieimally treated material was leadied 
for 7 hours using a 50% excess of 20%' 
w/w hydrochloric acid under boiling condi- 



tions. The leached product was washed to re- 
move residual leach liquor, and was then dried 
at 700° C for 30 minutes. The dry product 
was weighed and analysed for TiO^ content, 
and the Table below shows both the TiO^ 
content and the calculated TiOa yield in each 
case. 

It will be seen that the results obtained by 
thermal treatment in an atmosphere having an 
oxygen content of 5%^ are superior, both in 
terms of titanium dioxide yield and in terms 
of :ron leachabiiity, to those obtained using 
oxygen contents of 2.5% or 7.5yc- 
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TABLE 



Atmosphere 


Time 
(minb) 


Temperature 


Percentage 
TiOa 


TiO, 
Yield 






2.5 


97,5 


5 


800 


83.1 


92.9 


5.0 


95.0 


5 


800 


85.5 


98.3 


7.5 


92.5 


5 


800 


82.0 


95.4 



WHAT WE CLAIM IS:— of die ore material arc in the ferric state 

1. A process for activating a weathered after said oxidative treatment. 

ilmenite ore material, which comprises subjea- 11. A process as claimed in claim 9, wherein 55 

5 ing a raw weathered ilmenite ore material to die oxidative treatment converts a part only 

diermal treatment at a temperatore in the of the ferrous iron content of the thermally 

range of from 600'* to 950° C. under condi- treated material to the ferric state, 

tions which are oxidising or reducing, the 12. A process as claimed in claim 11, 

thermal treatment being discontinued before wherein approximatdy one half by weight of 60 

10 die proportion of the iron content of the ore the ferrous iron content of the thermally 

material that has undergone a change in ozi* treated material is converted to the ferric state 

dation state exceeds 1/15 by weight, and the during the oxidative treatment, 

thermal treatment being effected under reduc- 13. A process as claimed in any one of 

ing conditions or for a period not occeeding claims 9 to 12, wherein the said oxidative 65 

15 45 minutes under oxidising conditions pro- treatment comprises contacting the thermally 

vided by an atmosphere comprising oxygen in treated material with air at a temperature in 

a proportion not exceeding 12% by volume, the range of from 700** to 850® 6. 

2. A process as claimed in claim 1^ wherein 14. A beneficiation process comprising an 

the duration of the thermal treatment is at activation process as claimed in any one of 70 

20 least .10 minutes. daims 1 to 8, followed by add leaching of 

3. A process as daimed in daim 1 or daim the thermally-treated material. 

2, whcrdn the oxygen content of the atmos- 15. A beneficiation process comprising an 

phere during the thermal treatment does not acdvation process as claimed m any one of 

exceed 10% by volume. daims 9 to 13, followed by add leaching of 75 

25 4. A process as claimed in claim 3> wherein the material resulting from the said oxidative 

the said oxygen content is in the range of. treatment 

from 4 to 7% by volume. 16. A process as daimed in daim 14 or 

5. A process as daimed in any one of daim 15» wherein leaching is effected by 
daims 1 to 4, wherein the titanium dioxide means of a mineral add. 80 

30 content of the raw ore material is 60% by 17. A process as daimed in daim 16, 

wei^t or less, and the diermal treamient is wherein the mineral add comprises hydro- 

conduaed under oxidising conditions. chloric add. 

6. A process as daimed in daim 5, wherein 18. A process as daimed in any one of 

die uiaruum dioxide content of the raw ore daims 14 to 17, wherein the strengdx of o5 

35 material is 56% by wei^t or less, and die the add leachant is in die range of from 

thermal treatment is conducted under oxidis- 17.5 to 25% w/w. 

ing conditions. ^ process as daimed in any one of 

7. A process as daimed in daim 1 or daim daims 14 to 18, wherein there is used an 

2, wherein the thermal treatment is conducted excess of add leachant in the range of from 90 

40 under reducing conditions for a period not 25% to 75% over the stoichiometric quantity 

exceeding 45 minutes. calculated in respect of iron values only. 

8. A process as daimed in any one of 20. A process as claimed in any one of 
claims 1 to 7, herein not more dian 1/20 claims 14 to 19, \rfierein die leaching is 

by weight of the iron content of the ore effected at a temperature of at least 100' C. 95 

45 material undergoes any change of oxidation 21. A process as claimed in any one of 

state during the diermal treatment claims 14 to 20, wherein leadiing is effected 

9. A process as daimed in any one of at the boiling temperature of the leachant. 
claims 1, 2 or 7, herein the ore material 22. A process as daimed in any one of 

is subjected to an oxidative treatment after daims 14 to 21, wherein die leaching is 100 

50 the said thermal treatment. effected as a continuous counter-current pro- 

10. A process as claimed m claim 9, cess. ^ 

wherein substantially all of die iron vahies 23. A process as daimed in any one of 
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claims 14 to 22, wherein the leaching is 
eifected under fluidised conditions. 

24. A process as claimed in any one of 
claim- 14 to 23, wherein the leachant sola- 

5 tion contains some ferrous iron initially. 

25. A process as claimed in any one of 
claims 14 to 24, wherein the leachant in- 
cludes recycled leach liquor. 

26. A process as claimed in any one of 
10 claim? 14 to 25, wherein the leached material 

is calcined to a temperature of fnnn 600*^ 
to 700° C. 

27. A process as claimed in claim 26, 
wherein die calcination is c(Hidnued for a 

15 period of from ^ to 2 hours. 

28. A process as claimed in claim 27, 
wherein the calcination is continued for a 
period of ^ hour. 

29. A process as claimed in any one of 
20 claims 14 to 28, wherein the thermally txeated 

ore material is refined by a magnetic separa- 
tion technique before being leached. 

30. A process as claimed in any one of 
claims 1 to 29, wherein the weathered ilmenite 

25 ore material comprises a beach sand ilmenite. 



an alluvial ilmenitB, or a leucoxene. 

31. A process as claimed in claim 14, for 
beneficiadng a weathered ilmenite ore mat- 
erial, conducted substantially as described in 
any one of the Ezamj^ herein. 

32. A readily leachable titaniferous material 
whenever obtained by a process as daimed in 
any one of claims 1 to 13, or in claim 30 
as appended thereto. 

33. A benefidated titaniferous material 
whenever obtained by a process as daimed in 
claim 31, or in any one of claims 14 to 29, 
or in daim 30 as appended thereto. 

34. A process for the manufacture of tita- 
nium tetrachloride, which compri^ chlori- 
nating rnider iluidised-bed reaction condidoxts 
a material as claimed in claim 33. 

35. Titaniiun tetrachloride whenever pre- 
pared by process as claimed in claim 34. 
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